Introduction
The first publications devoted to a study of the thermodynamic properties of metallic alloys, using electrochemical cells (EMF method) was known since 1936 year (Strikler & Seltz, 1936) . This was the groundwork for all the next studies.
Co-workers from Moscow State University (Geyderih et al., 1969) have considered some questions about this experimental method.
A new attempt to generalize the electrochemical methods on thermodynamic studies of metallic systems was made again in the book (Moratchevsky, 1987) . The general aspects of the thermodynamics of nonstoichiometric compounds were presented there and the methods for experimental studies of the thermodynamic properties of molten metal and salt systems were discussed.
The different types of electrochemical cells with solid and liquid electrolytes and dynamic EMF methods were examined in the recent book (Moratchevsky et al., 2003) . A separate chapter of this book deals with methods of treatment and presentation of experimental data. In recent decades the important step of qualitative development of EMF method had been made and it was not considered in this book.
In the present chapter we focus on those experimental techniques that help to increase significantly the experimental result precision.
The knowledge of thermodynamic properties and phase diagrams of binary, ternary and multi component systems is necessary for solving materials science problems and for designing new products and technologies fitted to actual needs. A rational study of equilibria among phases and of the given system thermodynamic properties not only leads to the discovery of unknown phases but also to the determination of phase thermodynamic stability, to homogeneity domain boundaries, and finally to the elaboration of analytical description of the system by using thermodynamic models which are based on the dependence of phase Gibbs energies on such parameters as temperature, concentration and pressure. H  ), partial enthalpies at infinite dilution ( f i H   ), thermal capacities (С p ), but also gives a possibility to study the phase diagram in detail (liquidus and solidus, miscibility gaps, invariant points, stoichiometry deviations, ordering, etc...)
Principals of the method
We perform measurements of the EMF or chemical potential across the electrochemical cells with liquid electrolyte, such as: (-) A ｜ A (n+) in the electrolyte ｜A x B (1-x) (+) (I)
x represents a molar fraction of component A in liquid or solid alloy A x B (1-x) . The component A (usually a pure metal) is the negative electrode, the alloy A x B (1-x) where the component B is more noble than A, is the positive electrode. Combining these equations permits to determine the integral properties of LuIn phase.
The integral functions of Lu 2 In 5 and LuIn phases are equal for one mole-atom:
Main experimental steps
Here are the main experimental steps of the EMF method:
 synthesis of alloys and preparation of the electrodes,  dehydration of salt mixture and preparation of the electrolyte,  different types of electrochemical cell and its assembly.
Synthesis of alloys and preparation of the electrodes
The alloy preparation techniques are different and depend on the work objectives. A study of the systems in the liquid state does not require such special treatment as annealing, while a study of alloys in solid state requires annealing for several days. And then it is necessary to avoid working with alloy ingots. As a rule we use the pellets fabricated from powedered alloys. For this reason the dismountable mold is best suited. For this reason it is necessary to use the dismountable mold (Fig.2) . The internal party of this mold consists of dismountable block cylinder from high strength tempered steel of four sections (Fig.3) . To fabricate a pellet we introduce the tungsten wire (diameter 0.5 mm) throughout special groove of support. Then we untroduce the powedered alloys and press the pellet by punch, using the hydrolic press. The contact between the pellet and the tungsten wire must be well secured.
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If the alloy is sufficiently plastic, its can be drilled with a hole a little larger than the diameter the conductor wire and compress with the vise. Sometimes, the reference electrodes or measuring one are extremely fragile, and it is impossible to ensure good contact between the wire and the sample. In this case, we prepare the mechanic mixture of powder studied alloys with powder or filling of a more plastic inert metal and then we press the pellets. This added inert plastic metal serves as a matrix of the studied material. For this reason tantalum fillings are mixed in proportion 1:1. We used this procedure in forming the reference manganese electrodes . It is better to work with the pellets . Sometimes using the samples in the form of ingot leads to distortion of the measurement results of the EMF, especially if these measurements are made lower of solidus temperature (Terpilowski et al., 1965) . If the study of alloys is carried out over a wide temperature range, from liquid homogeneous state to mixed solid-liquid and then to solid states, the EMF measurements are reliable if they are carried out at the complete solide state (of the studied phases) but the temperature should not be more than 100-150 K below the solidus line. Fig. 2 .The four-part dismountable mold is shown in this picture: 1-punch, 2-four-section dismountable block cylinder from high strength tempered steel, 3 -constricting clamp with twotightening bolts, 4 -support with groove for tungsten wire. (2) and support with groove (4).
Salt mixture dehydratation and preparation of the electrolyte
It is necessary to pay special attention to the preparation of salts of the electrolyte. They must be dried very carefully. It applies especially to Li, Ca, Zn and Al halides. These salts are extremely hygroscopic, and their melting without special dehydration leads to the formation oxyhalogenides which presence must be avoided. The used electrolyte in the liquid state must be completely transparent and shows no disorder or heterogeneity. The ingots of electrolyte can be stored in sealed Pyrex ampoules. Upon introduction of the electrolyte in a cell, contact with air shoul d b e m i n i m a l ( n o m o r e t h a n 1 0 s e c o n d s ) . Dehydration salts (eg LiCl + RbCl) must pass under pumping with a slowly increasing heating for 5 days to prevent formation of hydroxides. Then the dehydrated salt mixture is transferred to a silica beaker preheated to 500°C in an electrical furnace. To remove oxychlorides, the molten salts are treated with dry hydrochloride gas (HCl). Hydrogen chloride can easily be synthesized by reacting potassium chloride (KCl) or sodium chloride (NaCl) by reaction of concentrated sulfuric acid (H 2 SO 4 ) ( Hydrogen chloride must be dried using zeolites loaded into a U-tube. The gas is bubbled through the melt until there are no suspended particles (about 1h).The melt prepared in this way is poured into Pyrex ampoules with a neck, which are sealed then. The electrolyte can be stored indefinitely in sealed Pyrex ampoules and may be used as required. In practice, it is possible to use the different eutectic mixtures of halides (See Table 1 ).
The study of some systems such as chalcogenides of zinc, cadmium, mercury, thallium, bismuth, etc. (binary or multicomponent) can be achieved in "low temperature" cell. In this case the calcium chloride (CaCl 2 ) is dissolved in glycerol between 40 and 180°C. Calcium .
Different types of electrochemical cells and their assembly
There are many examples of construction of electrochemical cells, proposed in the literature (Morachevski et al. 2003 ).
We have tested the different types of alloys with three types of cells from 'Pyrex' glass, which had been made by ourselves. One of three cell works well up to 200°C ) using the salts solution of glicerine as electrolyte. We can also use the same types of cells at the high temperature to 1000°C (Vassiliev et al., 1998a) if we use the refractory material as quartz or alumina glasses. The other two types of cell are operated at high temperatures to softening up 'Pyrex' glass (800-900 K) (Vassiliev et al., , 1995 (Vassiliev et al., , 1998b (Vassiliev et al., , 2001 ). When we experiment with a liquid electrolyte, we can use the various electrochemical cells. One of them represents a double H-shaped vessel is suspended on a central tube of 6-8 mm in diameter, fitted with hooks, and which also is served as a cover for the thermocouple. This construction is incorporated inside a protective glass cylinder which is equipped with ground-in cap and two vacuum valves on the sides. This valves permit to control the vacuum and the pression of inert gas inside of the cell. The tungsten current leads with electrodes are soldered in inlet tubes 8 mm in diameter. Height and diameter of the protective cylinder depend on the internal diameter and depth of a using electric furnace. Described construction of the cell is convenient for working with glycerine electrolyte (Pyrex material) and for salt melts (quartz material) (See Fig.5 ). Figure 6 shows a scheme of the isothermal Pyrex cell. The lower part of the cell (below the dashed line) is 54 -60 mm in diameter and about 90 mm in height. The tungsten current leads and the electrodes attached to them are soldered in inlet tubes 8 mm in diameter. The bottom of the cell has cruciblelike holes, which are enable to study both solid and liquid alloys, with no risk of accidental mixing. A calibrated Pt/Pt-10% Rh thermocouple is introduced into the casing, which is soldered in the centre of the cell at the level of the electrodes. Such cells can operate indefinitely between the solidification temperature of the eutectic melt and the onset of softening of Pyrex glass (about 900 K). The offtake of the cell is about 400 mm in length and 25 mm in diameter is fitted with a ground-glass joint. It is served as a container for the electrolyte. The time needed to withdraw the ingot from the storage ampoule, to introduce into the container, and to connect it to the vacuum system does not exceed ten seconds. At the first we pump the cell (10 -3 to 10 -4 Pa) for a day, then we flush with purified argon, and then the ingot is melted under dynamic vacuum using a portable gas torch. The melt drains down into the lower part of the cell, which is introduced into a microfurnace heated from 50 to 100°C above the melting point of the eutectic mixture. Next, the cell is sealed off at the neck under vacuum and transferred to a preheated working furnace. The electrochemical cell in running order is presented in Fig.7 .
The third type of cell ( Fig. 8 ) is a modification of the previous. The bottom of that cell is the same as the previous one. The difference concerns a technic of the electrolyte charging into the cell. For certain systems, such as chacogenides, it is necessary to avoid the vacuum heating of the bottom part of cell that causes an evaporation of volatile metals such as Hg (Vassiliev et al., 1990) or chalcogens . To put the electrolyte in the vessel we should proceed in this way. An ingot of electrolyte, sealed in a Pyrex ampoule, and a massive porcelain mortar were warmed previously in an oven to 200°C. The ingot was removed gently from the ampoule with a special knife and a Pyrex glass stick as follows. One end of the stick was heated up to temperature of softening with help of the torch. After we have applied this part of stick on the stripe traced with a knife on the ampoule. The ampoule was broken easily and the ingot became free. Then the ingot was grounded into small pieces in a mortar and as soon as possible the pieces were loaded in a small offtake flask and it was connected with cell and vacuum.This flask was heated gradually in a www.intechopen.com 
Cell with diaphragm
In some cases the decrease in activity of metal A does not lead to expected results. This concernes to the metals such as titanium, zirconium, hafnium, uranium, and beryllium ...
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The ions of these metals have simultaneously two different charges in the electrolyte. Then we have an average charge of the ion-forming potential:
where C m and C n are the concentrations of ions A with charges m and n in equilibrium with the electrode A x B (1-x) . However we can prevent this transfer by separating the electrodes by a diaphragm. Fig. 9 gives an idea of this arrangement. The reference electrodes and electrode comprising of the alloy are studied in the same vessel. These electrodes are separated from each other by the tubes with capillaries that are closed with asbestos plug. In this case using asbestos must be very pure (Shourov, 1974 (Shourov, ,1984 . Fig. 9 . Scheme of electrochemical cell with diaphragms. 
The solvent is mixture of molten salts ACl+BCl.
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M1 is more electronegative than Me2 in a series of electrode potentials.
equilibrium concentration in the ion mole fraction
One compare E 1 + E 2 with E 3 (E 1 + E 2 = E 3 ) to verify the accuracy of the electromotive forces of the chain.
Required apparatus and materials
In this paragraph we cite the main required apparatus and materials:
Simple vacuum post is presented in Fig.10 . Trap with liquid nitrogen (Fig.11 ) serves to catch aggressive substances vapors and it can be used as the sorption pump. In the second case it is recommended to use the zeolytes annealed at 300°C.
Sorption column serves to purificate the argon against the traces of oxigen and moisture. Sorbtion is performed by the activated copper deposited on silicagel at 170°C (Brauer, 1954) .
www.intechopen.com Vacuum comb permits to accelerate the preparation of alloys (Fig.12) . The block-scheme of the EMF measuring is presented in the Fig.13 . The configuration of the vacuum post and related details may be changed by the experimenter (Fig.10) . . Block-scheme of the measuring assembly: 1-cell, 2-stainless steel protector nozzle, 3-furnace, 4-ground, 5 -clamp of current leafs, 6-thermocouple, 7-thermostat for cold ends of the thermocouples, 8-hand or automatic commutation, 9-digital millivoltmeter at high impedance, 10-computer.
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Methodological problems most frequently encountered in EMF method
On the difficult path of the experimental study we overcame the various methodological problems that had significantly and successfully improved the method of the EMF. Let us consider these main methodological problems of the EMF method, having a significant influence on the potentiometric measurements:
1. Exchange reaction between electrodes caused by a small difference of electrode potentials components of the alloy in the given electrolyte (Hladik, 1972) . 2. Spontaneous reactions due to a large chemical potential difference between measured electrodes and reference. 3. Presence of multiple oxidation states of ions involved in redox reaction generating the EMF of the cell. 4. Liquation (or phase separation) of liquid alloys. 5. Evaporation of element and the temperature of the experiment.
Choice of different types of halides as the electrolyte
It is possible to use different types of halides as the electrolyte: chlorides, bromides and iodides. All these salts are hygroscopic and their treatment by the corresponding hydrogen halide (HCl, HBr, HI) is necessary to avoid water marks. If one type of halide unsuitable due to the exchange reaction, it can be replaced by another.
For the study of the Ni-Cu (Geyderih et al. 1969) , measurements of EMF were made from two reference electrodes The replacement of the chloride on iodide electrolyte permits to determine the thermodynamics of the Cu-Ni system.
(-) Cu(sol.)  KI + NaI + CuI  Cu x Nil -x (sol.) (+) This experiment have made possible to formulate an empiric rule:
By working with electrochemical cells without separation of electrodes, enthalpy of formation ( f H) salt of the metal B must not exceed 75% of enthalpy of formation of metal salt A (Geyderih et al. 1969) .
As the equilibrium constant of the reaction Kp (II) has a finite value, there will be always an exchange reaction, even partial, between the salt ions A n+ and alloy A x B (1-x) . The authors have attempted to assess the relative error in determining the activity of the less noble metal by the EMF method based on constant exchange reaction (II) (Wagner& Werner, 1963) . In the formula (12) we can see:
1. that the error is maximum for the minimum concentration of component A, 2. that the higher is potential difference of the electrodes the smaller is the relative error, 3. that increasing of the salt concentration AX n causes the increase of error ®, nevertheless, too small concentration may give a relative error greater than the reaction (II). The optimal concentration of salt in the molten electrolyte AX n , according to Wagner, is 1 -3%
In concordance to our experience, the concentration of AX n salt in liquid electrolytes must not exceed 0.1%. In some cases, this concentration can be reduced if the salt AX n is slightly soluble in the electrolyte.
If there is a problem of chemical stability or hygroscopicity AX n of certain salts (e.g. as the indium chloride or zinc chloride) we can do forming potential without salt. Synthesis of indium monochloride (InCl) is carried out inside the cell by the interaction of hydrogen chloride absorbed by the electrolyte, with metallic indium:
2In + 2HCl (gas) = 2InCl + H 2.
Contact of indium monochloride (InCl) with moist air provokes the formation of indium ions with different valence states: InCl+O 2 +H 2 OIn(OH)Cl 2 +In(OH) 2 Cl +In(OH)Cl + InOCl + …, that leads to the exchange reaction between the electrodes of electrochemical cell.
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Exchange reactions
The interaction between the electrodes via the electrolyte is one of the most important problems. In the electrolyte, the A and B elements are characterized by different potentials against a reference electrode (Hladik, 1972) . We must choose an electrolyte which causes a potential difference of A and B as large as possible. The more the difference is between of the electrode potentials, the smaller is the exchange reaction between the component B and the A n+ ions in the melted electrolyte. Information about a possible exchange reaction between electrodes can be found from the electrode potentials for different halide melts (Hladik, 1972) . This set of the chemical potentials characterizes activity of metals against each other for the system in study for giving electrolyte. The more metal is electronegative the more it is chemically active. In particular, in the set of the electrochemical potentials each metal replaces in an electrolyte all metals with lower potential. And, in turn, it will be replaced in the same electrolyte by metals with greater potential. So, the metal with the most negative potential, in the given electrolyte, replaces all those with more positive potentials. If we study the binary system Zn-Sb or In-Sb by the potentiometric method we do not see any problem of exchange reactions. So we can note that if the difference of the electrochemical potential reaches 0.4 V, the exchange reactions do not exist. And opposite, this problem appears for the systems Zn-In and In-Sn if the difference of the electrochemical potential is 0.19 V.
If we study the cells of the type:
(-) Zn  Zn 2+ in an electrolyte Zn x In (1-x) (+) (-) In  In + in an electrolyte In x Sn (1-x) (+) the exchange reactions take place easily when the concentration of the second element has reached 90%. The continuous drop of the EMF of the cells with alloys x  0.1 is observed if the duration of the experiment is over several weeks (Vassiliev et al., 1998b; Mozer, 1972) . The rate of the exchange reaction increases with increasing temperature especially in liquid systems. The speed of the exchange reaction depends on:
1. the difference of electrochemical potentials of the elements, 2. the difference in alloy composition, 3. the presence of metal ions of different charges (A (n+) et A (m+) ; m+ > n+) in the electrolyte, 4. the temperature in the cell. This set of electrochemical potentials characterizes the chemical activity of metals against each other under consideration system and a given electrolyte. The more metal is electronegative the more this metal is chemically active. Especially, in the set of the electrochemical potentials each metal replaces in the electrolytes of all metals with inferior potential. In turn, it was replaced in the same electrolyte by metals with superior potential. If the data for the electrode potentials are incomplete, it is possible to judge about the relative chemical activity of two elements by comparing the Gibbs energies or enthalpy of formation of salts AX n and BX n (X being the corresponding a salt anion). See Table 4 bottom. We will consider some binary systems based on elements of Table 2 and 3. (Fig.14) . We observed a continuous fall of the EMF for alloys with x  0.1 when the duration of the experiment was a few weeks (Vassiliev et al., 1998b; Mozer, 1972) . The rate of the exchange reaction was augmented with increasing temperature, especially in the case of liquid systems.
Influence of a third component on the exchange reaction
Exchange reactions occur not only between a pure A metal and alloy A x B (1-x) but also between alloys of different compositions, if the activities a A o f t h e m a r e v e r y d i f f e r e n t . T h i s phenomenon is very pronounced in the liquid ternary system In-Sn-Sb . Table  4 shows that the attraction between atoms In and Sb is greater than between In and Sn or between Sn and Sb. Accordingly, the tin atoms of the ternary alloy are very free, and exchange reactions between electrodes of different compositions of alloys, with indium, occur easily.
Selection of different types of halides such as electrolytes
It is possible to use different halides such as electrolytes: chlorides, bromides and iodides. All these salts are hygroscopic and their treatment by the corresponding hydrogen halide (HCl, HBr, HI) is needed to avoid water marks. If some halogenade is not appropriate due to an exchange reaction it is replaced by another.
The choice of the electrolyte is determined by its melting temperature and by the need to minimize the exchange reaction. The study of Sn-Pb system is not possible in molten chlorides (the difference of potential electrodes is 0. 05 V at 500°C ; Table 4 ).The substitution of chloride by iodide significantly increases this difference to 0.168 V (see Tabl. 3) and decreases the exchange reactions:
Although it is impossible to eliminate their influence completely, especially for tin-rich alloys, the electrochemical chain:
can be studied.
Effect of exchange reaction on the EMF measurements in ternary system In-Sn-Sb
Let us consider the example of spontaneous exchange reaction in the cell that contains the series of four alloys with low indium content, number 1-4, ( x In from 0.05 to 0.11), and one indium-rich alloy № 5 (x In =0.5) at presence of two electrodes of pure indium. (See Table 5 . Composition of In-Sn-Sb alloys used for detection of kinetic of spontaneous exchange reaction in the electrochemical cell.
We can state that the measured values E(T, х In ) for alloys with number 1-4, and slightly for number 5, are exposed to such reactions. So, we used only the first points of the measurements E(T, х In ), which were less susceptible to this influence. Exchange reaction is more pronounced for alloy 1 and 2. Dynamics of a regular drift of EMF values for alloys № 2 and 5 versus time and temperature were shown in Fig. 15 and Fig. 16 . Experimental points are divided into two series. The gap of EMF values between two series is connected with the study of other phases at lower temperatures are not indicated in Fig. 15 and 16. We took in consideration only the black dots. The different stages of the experiment are marked in time. Fig. 15 and 16 show that the exchange reaction depends on the time and temperature. Two main types of exchange reactions (a and b) take place in cell:
a'' In > a In '
Reactions a and b lead to a decrease of the EMF values for alloys (№№ 1-4) and the reaction of b increases the EMF values of the alloy number 5 in relation to the reference electrode made of pure indium. The rate of exchange reaction prevails over the reaction (13) and (14). Kinetics of exchange reactions is shown in Fig. 17 and Fig.18 in accordance with 4 passes at the same temperature 755K versus the time. We did not observe exchange reactions for alloys with х In > 0.1, although the duration of the experiment exceeded more than two months, the maximum temperature reached 822K.
Issues are related to the valence of A n+ ion
To obtain good experimental results, it is necessary to know rigorously the ion charge that is responsible for the EMF in cell of type (I). However, the difference in activities of pure metal A and alloy A x B (1-x) can lead to different charges of the A n+ ion in the vicinity of the electrodes A and A x B (1-x) . In this case, even in open circuit, a spontaneous transfer of component A to alloys A x B (1-x) is possible and a constant drift of the EMF occurs over time.
www.intechopen.com -x) . Near the cathode, the fraction of charged ions (n +) will be greater and near anode around of the alloy A x B (l-x) will be smaller. In another words, there is dissolution of pure metal and deposit on the surface of alloy A x B (1-x) . The transfer is even faster than the temperature T and the concentration of A m+ ions is higher and the distance between electrodes is smaller. A metal is transferred through an electrolyte by ions of lower charge.
If an activity of component A in the cell of type (I) is reduced, it is possible to determine the thermodynamic properties even in cases of spontaneous transfer of the component A. In this case, it is necessary to take as reference electrode some electrode binary alloy A x C (1-x) , which the thermodynamic properties are well known, and it can substitute the pure metal A.
Then we have
In this case the activity (a') is less than 1. The difference of the chemical potential of component A between electrodes, and hence, the electromotive force will be smaller.
This problem is encountered when the system Ln -Te (Ln = lanthanide) was studied with the cell: Alloys, rich in metal B (in this case by tellurium) generate an electromotive force E near 1.5 V. The substitution of the lanthanide by one of its alloys of Ln-In system (Vassiliev et al., 2009) , allows to make the measurements with the following electrochemical cell:
The electromotive force of the cell is as twice as smaller and spontaneous transfer becomes negligible.
Problem of liquation (or phase separation) of liquid alloys
If the metal liquid system does not contain any components that provoke the exchange reactions in an electrochemical cell, the EMF method is well suited for such a system. The problem of liquation (or phase separation) is less serious, but the big difference of the specific density of alloying effects on the rate of establishment of thermodynamic equilibrium and distorts the potentiometric measurements. correspond of thermodynamic equilibrium, because the surface of alloy is depleted by the elements of the smaller density. Especially it should be taken into account that the metallic systems with a miscibility gap. Table 6 shows the specific density of some metals. The liquation problem was noted by us in the investigation of systems based on ternary zinclead alloys (Zn-Pb-Sn, Zn-Pb-In) (David at al., 2004) and In-Sn-Ag and In-Bi-Ag (Vassiliev et al., 1998c) . We observed hysteresis loops during heating and cooling of the cells in a wide temperature range for a number of alloys. In the case of the hysteresis loop, it is necessary to choose measurement results only when the temperature is lowered, starting from the homogeneous liquid region. The isothermal cell is also well serves for the thermodynamic study of metals with high vapor pressure (mercury, zinc, etc.) (Vassiliev et al., 1990; David at al., 2004) . We did not observe any evaporation of zinc, even though long-term measurements (more than two months and the temperature to 780 K) were taken.
In the systems based on zinc, the latter serves as the reference electrode and the part of both the internal calibration of the thermocouple in the cell, because the measured values E (T) give a clear kink at the melting point of zinc. The kinetic curve of solidification or melting of the metal also exhibits a characteristic jump EMF at the melting point. Such curve is easily obtained by continuous measurement of the EMF of the cell at the phase transition sol ⇆ liq. The zinc chloride must not be added to electrolyte previously. We found that the ions, forming the potential, appeared in a few hours inside the cell after the experiment began. We used the metals of 99.999% and chlorides of lithium and potassium 99.99% purity. The type of electrochemical cell for EMF measuring has been used:
Temperature range of research is limited one hand by the crystallization of the electrolyte, and on the other hand by the softening Pyrex glass. Control of the state reference electrodes of pure zinc in the course of the experiment was carried out by measuring the difference of EMF between such electrodes. If the cell functions normally, this difference is about 5 V. Temperature correction is performed by the melting point of zinc, located in the cell.
5.8
How to study the systems with closely spaced electrode potentials. The EMF measurements of ternary Pb-Sn-Sb system EMF measurements of the ternary system Pb-Sn-Sb (Vassiliev et al., 1995) were carried out for five alloys along the isopleth (Pb-Sn 0.5 Sb 0.5 ) with x Pb = 0. 15, 0.20, 0.25, 0.30, 0 .333 at temperatures 690 -820K. Alloy Sn 0.5 Sb 0.5. has been used as a reference electrode. Scheme for EMF measuring and the definition of excess functions of mixing in the ternary system PbSn-Sb are shown in Fig. 19 and 20. To measure the EMF we can not use the alloys of the ternary Pb-Sn-Sb system as reference electrodes from pure metals. The using of tin or lead in a cell with undivided space is impossible, because their electrode potentials are almost equal and the exchange reactions take place. Cell with a diaphragm (Shourov, 1974 (Shourov, , 1984 allows solving this problem, but the experiment is very laborious. In order to avoid the exchange reaction, we choose an alloy of tin and antimony with a component ratio 1:1 (Sn 0.5 Sb 0.5 ) as the reference electrode, which chemical potential we studied in this paper using an isothermal cell without diaphragm. Activity of tin a Sn in the Sn 0.5 Sb 0.5 alloy at 900K is equal 0.41, that is much less than its activity in pure tin (a Sn =1). So, the activity of lead becomes comparable with the activity of tin when we study the ternary alloys (Sn 0.5 Sb 0.5 ) (Fig.21) . There were obtained 39 experimental points E(T) for each ternary alloy with a maximum error ± 0.1 mV. The coefficients of linear equations Е 1 (Т) of ternary alloys (1-5) was obtained with respect to the reference electrode Sn 0.5 Sb 0.5 . The correction was performed using the ratio (16) to find the chemical potential of ternary alloys relatively to pure tin:
Where the dependence Е 2 (Т) (Е 2 /mV= 10.52+26.510 -3 Т) was obtained between the liquid alloy Sn 0.5 Sb 0.5 and the reference electrode from pure tin.
Pb-Pd system
Finally, let us consider an example of the Pb-Pd phase diagram that has several intermediate phases Fig.22 (Vassiliev et al., 1998a) . We have established a narrow region of homogeneity of the phases Pb 2 Pd and Pb 9 Pd 13 , and the deviation from stoichiometry of PbPd phase. We have determined also the coordinates of the gamma phase, and refined the melting point of Pb 2 Pd phase and the coordinates of the eutectic point.
General trend of experimental EMF results versus temperature and composition for the PbPd system is shown in the Fig.23 . The points at the right of curves L2-L6 correspond to the homogeneous liquid alloys with x Pd from 0.10 to 0.60). The curves L2-L6 correspond to the heterogeneous alloys (liquid and solid states). The lines at the left of the curves L 2 -L 6 correspond to the heterogeneous solid alloys from S 2 to S 8 (see, please, We applied successfully the described technique for different binary, ternary and quaternary systems:
Tl-S (Vassiliev et al., ,1973a (Vassiliev et al., , 1973b (Vassiliev et al., , 2008 , Tl-Se (Vassiliev et al., 1967 (Vassiliev et al., ,1969 , Tl-Te ; Cd-Te (Vassiliev et al., 1990) ; Pb-Pd (Vassiliev et al., 1998a) ; In-P (Vassiliev & Gachon, 2006) ; In-As (Abbasov et al., 1964) ; In-Sb ; In-Sn (Vassiliev et al., 1998b) ; Ga-As (Abbasov et al., 1964) ; Ga-Sb (Abbasov et al., 1964) ; Sn-Sb (Vassiliev 1997 (Vassiliev , 2005 ; Bi-Se ; Ga-Te (Abbasov et al., 1964) ; Mn-Te ; Rare Earth Metals (REM) with In (Vassiliev et al., 2009 ), Sb (Gorjacheva et al.,1981 , Pb , Te ; Cd-Hg-Te (Vassiliev et al., 1990 ; In-Sn-Sb (Vassiliev et al., 2001 ); Pb-Sn-Sb (Vassiliev et al., 1995) ; Pb-Sn-Zn (David at al., 2004) In-Bi-Ag (Vassiliev et al., 1998c) ; In-Ni-Sb Vassiliev et al., 2003) ; Pb-Cu-Zn; Pb-In-Zn; Pb-In-Zn-Sn (Hertz at al., 1998) . As well as, this technic can be applied for the oxide systems also.
Conclusion
The accuracy of the proposed experimental technique does not yield the best calorimetric measurements and completeness of the information obtained by the EMF exceeds the calorimetric methods in some case. So, the proposed variant of the EMF can be called as universal and self-sufficient, and the cost of equipment used in the EMF method is much lower than the calorimetric one. EMF remains one of the most important methods in metallurgical thermodynamics.The method of electromotive force (EMF) with proposed electrocemical cells is a powerful tool to study the thermodynamic properties of metallic, semiconductor and oxyde systems. It permits to identify a set of values of the chemical potentials of one of the component of the different phases. The final result of this work consist of the thermodynamic optimization of the studied system.
